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ABSTRACT OF THE THESIS
Development of a Bedside Examination of Cognition in Multiple Sclerosis (BECIMS)
By
Gregory Scott Aaen
Master of Arts in Experimental Psychology, Graduate Program in Psychology
Loma Linda University, June 2000
Dr. Paul Haerich, Chairperson
Approximately 40% of all patients with multiple sclerosis (MS) exhibit some
form of cognitive impairment. Identifying impairment in these patients would be
beneficial to the patients and to society. However, it is too costly to refer every MS
patient for full neuropsychological testing. Consequently, many attempts have been
made to develop screening batteries for use by neurologists. Unfortunately, these
batteries are rarely used clinically as all require approximately 20-40 minutes to
administer and most require special equipment. Given the time constraints of an office
visit it is unrealistic to expect neurologists to administer such tests. The present pilot
study is an attempt to assess whether a brief screening instrument, the bedside
examination of cognition in MS (BECIMS), which requires less than 10 minutes to
administer, would exhibit adequate sensitivity and specificity in identifying MS patients
with cognitive impairment. Nine MS subjects and eight normal controls were tested.
The BECIMS correctly predicted the cognitive status of 13 of the 17 subjects. Specific
suggestions are made for the further development of the BECIMS, which will likely
result in a test with clinical significance
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Introduction
Development of a Bedside Examination of Cognition in Multiple Sclerosis (BECIMS)
Multiple Sclerosis is a neurodegenerative disorder that affects approximately 5060 individuals per 100,000 (Baum & Rothschild, 1981). The pathology of the disease is
characterized by sclerotic plaques which form in the white matter of the brain where the
myelin sheath has been destroyed. The disease produces varied symptoms depending on
the location of the plaques (Lezak, 1995).
It is estimated that 40% of all patients with Multiple Sclerosis (MS) suffer from
some form of cognitive impairment (Rao, Leo, Bemardin, & Unverzagt, 1991; also see
Rao, 1986 and Brassington & Marsh, 1998 for authoritative reviews). It would be
advantageous to society and the patient to discern early impairment in order to optimally
plan educational and vocational goals so that precautionary steps could be taken to help
the patient cope with any deficits. However, it is not feasible to refer all MS patients for
full neuropsychological testing. A brief screening instrument, designed to be
administered by the treating neurologist, would aid in selecting those patients most likely
to benefit from full neuropsychological evaluation.
A number of attempts have been made at developing screening exams for MS
(Basso, Beason-Hazen, Lynn, Rammohan, & Bomstein, 1996; Beatty, Paul, Wilbanks,
Hames, Blanco, & Goodkin, 1995; Rao et al., 1991); however, each requires special
equipment and between 20 to 40 minutes to administer. A physician typically has only
15-20 minutes to review the interval history, conduct a neurological examination,
formulate a plan and document the visit. It is unrealistic to expect physicians to routinely
spend more than half the time of a patient visit in assessing cognitive function.
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Therefore, an ideal cognitive screening instrument would take less than 15 minutes to
administer (Malloy et ah, 1997). The present study is an attempt to assess if it might be
possible to develop a very brief screening instrument that exhibits adequate sensitivity
and specificity. Furthermore, the screening instrument must not use any specialized
equipment in order to encourage widespread usage by neurologists. It is anticipated that
those patients suspected of cognitive dysfunction based on results from such a screening
instrument would be referred for more comprehensive neuropsychological testing.
Cognitive deterioration in MS has defied all current attempts at systemization.
Instead, cognitive deterioration usually presents as any combination of a number of
symptoms. A review of the literature suggests the following deficits to be most
prevalent: memory deficits (Rao, Leo, & St. Aubin-Faubert, 1989; DeLuca, BarbieriBerger, & Johnson, 1994; Heaton, Nelson, Thomspson, Burks, & Franklin, 1985; Rao,
Hammeke, McQuillen, Khatri, & Lloyd, 1984), deficits in attention (Grafman, Rao, &
Litvan, 1990; Grant et al., 1984; Heaton et al., 1985), deficits in information processing
speed (Kail, 1998; DeLuca et al., 1994; DeLuca & Johnson, 1993; Rao, St. AubinFaubert, & Leo, 1989; Litvan, et al., 1988), and deficits in abstract/conceptual reasoning
(Grant et al., 1984; Rao et al., 1984). Of these deficits, memory impairment (Grafman,
Rao & Litvan, 1990) and information processing speed deficiencies (Wishart & Sharpe,
1997; Arnett, Graffman, Rao, Bemardin, Luchetta, Binder, & Lobeck, 1997; Rao, St.
Aubin-Faubert, & Leo, 1989) have been found most consistently. Grafman, Rao, &
Litvan (1990) report that between 40% to 60% of all MS patients exhibit some form of
memory impairment compared to control groups. Furthermore, in a quantitative review
of the MS memory impairment literature, Thornton and Raz (1997) report that memory
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deficits, in both clinical and community populations, are some of the most commonly
reported problems in MS. A screening battery containing tests that assess memory and
speed of processing should have a reasonable chance of attaining an acceptable level of
sensitivity despite the limitations of time and the lack of specialized testing equipment.
Memory Deficits
There still exists considerable disagreement on the exact nature of memory
impairment in patients with MS. Until recently, it was widely believed that MS patients
exhibited a deficit in retrieval processes (see Rao, 1986; Rao, Leo, & St. Aubin-Faubert,
1989) as opposed to a problem with acquisition. Memory is roughly broken down into
three components: encoding, storage and retrieval. An item is said to have been encoded
if it enters long-term memory and is successfully stored there. An item is in storage if its
metaphorical engram resides within the workings of the brain. Retrieval refers to the
process of obtaining or reconstructing a piece of data from long-term memory and
placing it into conscious awareness in working memory. Early research into memory
problems in MS seemed to indicate that only retrieval mechanisms were defective (Rao,
Leo, & St. Aubin-Faubert, 1989; Rao, et al., 1993) while more recent studies have
indicated that encoding problems better explain memory deficits in MS (DeLuca,
Barbieri-Berger, & Johnson, 1994; DeLuca, Gaudino, Diamond, Christodoulou, & Engel,
1998).
Data from DeLuca, Barbieri-Berger, and Johnson (1994) suggest that deficits in
acquisition play a significant role in memory impairment. They found that MS patients
required significantly more trials to reach criterion on a verbal list learning task,
compared to controls. However, even though MS patients required more trials to retain a
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set amount of information, their performance on recall after 30 minutes was no different
than controls. This result led DeLuca and colleagues to conclude that acquisition
mechanisms were deficient. A more recent study by DeLuca et al. (1998) also found that
when the initial amount of information obtained was controlled for, by allowing MS
subjects unlimited acquisition trials on a verbal recall task, no differences between MS
and controls were found on recall, suggesting retrieval mechanisms were intact. A recent
review by Thornton and Raz (1997) also failed to find support for dysfunctional retrieval
mechanisms in long-term memory.
Other contemporary research, however, by Beatty et al. (1996) utilizing the
Selective Reminding Test (Buschke & Fuld, 1974; SRT) produced results that seemed to
support the deficit in retrieval hypothesis. The SRT has an examiner read a list of twelve
words to the patient. The patient is then asked to recall as many words as possible. For
words not recalled, the patient is selectively reminded of them and asked to recall the list
again. This continues for twelve trials. Words that are not prompted for two consecutive
trials are said to be in long-term storage. Beatty offered an explanation for his results that
might account for the obvious divergence in results reported regarding memory
abnormalities in MS. He and his colleagues interpreted the performance on the SRT as
evidence for a heterogeneous memory deficit. Beatty and colleagues found that at least
three different levels of memory function were present in MS: (a) no memory
impairment; (b) mild impairment involving only retrieval mechanisms; and (c) severe
impairment involving both encoding and retrieval processes. This multi-classification of
memory impairment is in line with results from other investigators (Fischer et al., 1992;
Rao et al., 1984). In a similar vein, Ryan, Clark, Klonoff, Li, and Paty (1996) recently
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used cluster analysis to investigate types of global cognitive impairment. Their procedure
used mainly visual information processing tasks but their results argued for a
heterogeneous deficit in cognitive functioning in MS patients.
It seems safe to conclude that memory deficiencies are prevalent in MS patients
exhibiting cognitive decline. While much early research suggested that retrieval
deficiencies exhaustively explained memory impairment (see Rao, Leo, & St. AubinFaubert, 1989), more recent research (see Thornton & Raz, 1997) indicates that patients
with severe forms of memory disturbance may also exhibit encoding impairments as well.
Speed of Processing Deficits
A decrease in information processing speed is another hallmark deficit in
cognitive functioning in MS. In a pivotal study, Rao, St. Aubin-Faubert, and Leo (1989)
attempted to directly measure speed of information processing through administration of
the Sternberg procedure. The Sternberg procedure involves learning a set of 1, 2, or 4
digits and then performing a discrimination task utilizing a computer screen and a yes/no
button response system. Latency to button push and response accuracy were the
dependent measures. Rao and colleagues found that MS patients had significantly longer
latencies than controls. In comparing these results to another paper published the same
year Rao et al., argued that “while the primary memory storage capacity and the rate of
forgetting from primary memory are intact in patients with MS, the rate at which this
information is accessed from primary memory is deficient” (p. 475).
Research utilizing similar procedures has provided converging evidence for a
deficit in processing speed. D’Esposito et al. (1996) argued that the results obtained on a
dual-task paradigm from MS patients is indicative of a decrease in central executive
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system (CES) functioning. This deficit in CES functioning was associated with
impairment in speed of information processing. Beatty, Goodkin, Beatty, and Monson
(1988) used the Controlled Oral Word Association Test (COWAT) and the Wisconsin
Card Sorting Test (WCST) to assess frontal lobe dysfunction in MS. They found MS
patients to be impaired on both instruments. The COW AT requires subjects to name as
many words as possible that start with a particular letter in a specified period of time.
Impaired performance on this test has been thought to indicate a decrease in the speed at
which patients can call up information from verbal memory, determine whether a
particular word meets the requirements of the task (does the word “fright” begin with
“F”), and give an answer to the examiner. The Wisconsin Card Sorting Test has a patient
sort cards with pictures of objects of different categories (e.g. shapes and colors) into
different piles. The subject is to determine what category the examiner is sorting by. The
second important aspect of the WCST occurs when the examiner changes the sorting
category without telling the subject. How long it takes the subject to determine that the
category has changed is thought to underlie executive function domains such as abstract
reasoning and information processing speed. Beatty et al. (1988) suggest that a
decrement in speed of information processing underlies their findings.
The Stroop Color Word Task (Golden, 1978) is another instrument that is thought
to task information processing speed. This test utilizes three separate sheets of paper.
The first page consists of words of colors printed in black ink. The patient is asked to
read each word aloud. The second page has columns of X’s printed in either red, blue or
green ink. Here, the patient is asked to identify the color of ink of each group of X’s.
Finally, on the third page a subject is shown a sheet of paper with the names of colors
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printed in incongment ink (e.g. the word red printed in blue ink). The subject is then
asked to name the color of the ink each word is printed in. A number of different studies
(Foong et ah, 1997; Rao et al., 1991) have found impaired performance on the color-word
incongruency task in MS patients.
Impairment of information processing speed is likely to underlie some of the
executive function deficits that are found in MS patients. Impairments on the WCST, the
COWAT, and the Stroop Color Word Task all suggest that MS subjects require increased
time to process information.
Assessment Instruments
Because memory and speed of information processing deficits are some of the
most commonly found problems in MS patients, tests which assess those functions
should be most sensitive in identifying impairment. An assessment instrument that
includes such tests would be most likely to correctly identify dysfunction. However, to
date, all cognitive screening instruments for use in an MS population require at least 20
minutes and specialized equipment to administer, which mitigates against widespread
neurologist usage. The goal of this study is to assess the feasibility of developing an
examination that clinicians will actually use. The parameters of such an examination are
that it (a) requires less than 10 minutes to administer; (b) uses only pencil and paper for
administration; and (c) possesses an acceptable sensitivity in detecting patients with
clinically meaningful disability due to cognitive dysfunction.
Other screening instruments developed thus far have included a variety of tests.
Rao et al. (1991) used the SRT, the 7/24 spatial recall test, the Paced Auditory Serial
Additions Test, and the COWAT. Of these tests, only the COWAT requires no special
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equipment and takes less than 10 minutes to administer. Beatty et al. (1995) included the
Shipley Institute of Living Scale (SILS), the Symbol Digit Modalities Test (SDMT) and a
short word list to assess memory in his Screening Examination for Cognitive Impairment.
While this test is shorter than Rao’s and requires less specialized equipment, the SILS is a
multiple choice test and it is unlikely that physicians will carry multiple copies of such a
test and will wait patiently while the patient takes the required 10 minutes to complete the
test. Basso et al. (1996) used the Seashore Rhythm Test, COWAT, Logical Memory
Savings Score and other tests to assess sensory and perceptual capacity. The approximate
completion time of the battery is 35 to 50 minutes, considerably longer than the average
time allotted for an entire patient visit.
Test selection for the BECIMS was guided by selecting instruments that have
been used in other brief assessment batteries and studies, and which require no special
equipment. The CO WAT and SDMT have been used in other brief batteries for MS and
both require less than 5 minutes to administer. Both tests have been shown to predict
performance on a criterion neuropsychological battery (Beatty et al., 1995; Basso et al,
1996) Thus, these tests were included in the BECIMS.
The Controlled Oral Word Association Test (COWAT) requires subjects to
produce as many words that begin with a particular letter (such as F) within 60 seconds.
The test is then repeated with the letters A and then S. Total number of words named
over the three one minute trials is the dependent variable. This task has been theorized to
place demands on the speed at which subjects can retrieve, compare and output
information. The neuropsychological processes that underlie this task are thought to
reside within the frontal lobe. Swirsky-Saccheti and colleagues (1992) had subjects
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perform neuropsychological tests, including the COWAT, during MRI scanning. They
found that the MS patients performed significantly worse than controls on the COWAT.
They also partially identified this decrement to lesions within the left frontal lobe. A
category version of this test has also been used with MS subjects. This version requires
the patient to name as many words within a category (such as animals) as possible within
60 seconds. A number of studies have shown that MS patients produce considerably
fewer words than normal controls on both the letter and category forms of the COWAT
(Beatty et al., 1995; Foong, et al., 1997; Rao, Leo, Bemardin, and Unverzagt, 1991;
D’Esposito, et al., 1996). In their development of a cognitive screening battery for MS,
Rao et al. (1991) found that the COWAT was second only to the Selective Reminding
Test in sensitivity of detection of cognitive impairment. Consequently, he included the
COW AT in his screening battery.
The Symbol Digit Modalities Test (SDMT; Smith, 1982) has patients substitute
numbers for geometric symbols. This test is presented on an 8 14 X 11 inch sheet of
paper. The page is covered with geometric symbols. At the top of the page is a key
which matches geometric symbols with numbers. The patient must translate the symbols
on the page into numbers. Number of correct substitutions in 90 seconds is the dependent
variable. The test is thought to assess the speed at which a subject can process
information as the patient must identify a symbol, compare the symbol to a key, find the
right symbol and its corresponding number and respond with the appropriate number.
MS patients have been found to perform significantly worse than controls on this test
(D’Esposito, et al., 1996; Beatty, et al., 1995).
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In order to assess memory, the memory subtest of the Neurobehavioral Cognitive
Status Examination (NCSE; Kieman, Mueller, Langston, & Van Dyke, 1987) will be
given. This test consists of giving the patient four words to memorize at the beginning of
the assessment session. After the distracting tasks of the other tests have been completed,
the examiner will ask the patient if he/she can recall the words that were presented at the
beginning of the session. If the patient can recall a word without a prompt he/she gets
three points. If the correct response is given after a category prompt (e.g. animal) then
two points are awarded. If the patient picks the right answer from a list of potential
answers then one point is awarded. No points are awarded if the patient fails to identify
the right answer from the list. Thus, a total of twelve points can be achieved on this test
(three points for each of the four words). While this test has not, to this author’s
knowledge, been used in an MS population, the memory subtest resembles other memory
tests that have been shown to distinguish between MS and normal populations.
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Method
Participants
Subjects of both genders with clinically definite or laboratory supported definite
multiple sclerosis as defined by the Poser criteria (Poser et ah, 1983) were enrolled in the
study. Ten MS subjects (7 women, 3 men) were recruited from the Multiple Sclerosis
Clinics at Loma Linda University Neurological Associates Medical Group, Inc. The
mean age of the MS sample was 52.6 ± 17.0 years with 14.0 ± 2.8 years of education (see
Table 1).

Eight healthy female controls were recruited from the community with a mean

age of 32.3 ± 12.0 and 15.6 ± 2.4 years of education. Subjects with any one of the
following conditions were excluded: a second diagnosis that would affect cognition (e.g.
strokes), an Expanded Disability Scale Score (EDSS; Kurtzke, 1983) greater than or
equal to 9.0, a revised Beck Depression Inventory (BDI; Beck; Steer, & Brown) score
greater than 20, receiving benzodiazapene medication, or primary language that is not
English. Patients provided informed consent to participate in the study.
The mean revised BDI score (without items 15, 17 & 20) for nine MS subjects
was 8.1 ± 5.5. Mean full BDI score for the eight controls was 3.6 ±3.1. One female MS
subject had a revised BDI score above 20 and was removed from further data analysis.
Materials
Documentation of definite MS was achieved through a review of the patient’s
medical history and examination by a board-certified neurologist.
Subjects were given the Bedside Examination for Cognition in MS (BECIMS) by
a neurologist for MS patients or (for control subjects) by a graduate student trained in
psychological assessment. Both BECIMS’ examiners were blind to the participant status
11

on the criterion neuropsychological battery. The BECIMS includes the component tests,
Controlled Oral Word Association Test (COWAT; Benton, Hamsher, & Sivan, 1994), the
Symbol Digit Modalities Test (SMDT; Smith, 1982), and the memory subtest of the
Neurobehavioral Cognitive Status Examination (NCSE; Kieman, Mueller, Langston, &
Van Dyke, 1987). Following the examination with the neurologist and the administration
of the BECIMS, the neurologist introduced the subject to another researcher who
administered the BDI and scheduled an appointment for the criterion testing session. The
BDI was administered to screen out MS patients and controls with clinical depression
(Schiffer, 1987). Mohr and colleagues (1997) found three items on the BDI to be
significantly related to the MS disease process. Items 15, 17 and 20 measure work
problems, fatigue and concerns about health respectively. These three items have been
found to be related to MS symptoms, thus, these items were removed from scoring. A cut
off score of 20 was used for the revised BDI.
The tests for the criterion neuropsychological battery were selected from a
comprehensive flexible battery suggested by Fennel and Smith (1990) for use in MS
populations and are in accordance with tests used on criterion batteries by Rao, Leo,
Bemardin and Unverzagt (1991) and Beatty et al. (1995) in their development of a
screening instrument. The criterion battery includes: the verbal subtests of the Weschler
Adult Intelligence Scale - Revised (Weschler, 1987), Stroop Color Word Test (Golden,
1978) Paced Auditory Serial Additions Test (PASAT; Gronwall, 1977), Boston Naming
Test (Kaplan, Goodglass, & Weintraub, 1983), Logical Memory and Visual Reproduction
subtests of the Weschler Memory Scale-Revised (Weschler, 1987), Brown Peterson
Interference Test (Stuss, Stethem, & Poirier, 1987), and the Selective Reminding Test
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(Buschke & Fuld, 1974). The tests were administered in the order listed. All tests were
given to all subjects, except for one who exhibited such profound impairment that the
PASAT and the WMS-R Visual Reproduction tests were not given. Also, in order for a
more difficult trial to be administered on the PASAT, subjects had to perform above the
10th percentile on the preceding trial. The Word trial on the Stroop Test was not used to
define impairment. The neuropsychological battery was administered by an individual
trained in the administration of the tests involved and blinded to the results of the
BECIMS.
Published norms were used to evaluate the performance of all subjects. Norms
published in the manuals of the following tests were used: WAIS-R, WMS-R, Symbol
Digit Modalities Test (Smith, 1982), Neurobehavioral Cognitive Status Examination,
PASAT, and the Stroop Test (Golden, 1978). Norms from other published sources were
used for the: COWAT (Rao, et al., 1991), Boston Naming Test (Tombaugh & Hubley,
1997), Auditory Consonant Trigrams (Stuss, Stethem, & Pelchat, 1988) and the Selective
Reminding Test (Larrabee, Trahan, Curtiss, & Levin, 1988). When available, age and
education derived norms were selected.
A subject was predicted to be impaired if he/she scored below the 5th percentile on
any two of the three tests on the BECIMS.
If a subject scored below the 10th percentile on any one subtest of a criterion test,
he/she was considered to be impaired on that test. If the subject was impaired on three of
the seven tests on the criterion battery, then he/she was considered to be impaired.
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Results
Mean scores and standard deviations for all cognitive tests are listed in Table 2.
Six MS subjects were identified as impaired by the criterion battery. Of these six
subjects, the BECIMS correctly predicted four as being impaired. Thus, the BECIMS
misidentified two MS subjects as being not impaired who were in fact impaired on the
criterion battery. The BECIMS did not predict any MS subject to be impaired who was
not impaired on the criterion battery. One normal control was identified as impaired on
the BECIMS. This subject was not impaired on the criterion battery. One normal control
was identified as impaired on the criterion battery but was not impaired on the BECIMS.
The BECIMS correctly predicted the cognitive status of a statistically significant number
of subjects (%2 (1, N = 17) = 4.4, p < .05). These results are presented in Table 3.
Because the BECIMS accurately predicted the status of four of the seven impaired
subjects, the preliminary sensitivity is 57%. The test accurately predicted the status of
nine of the ten non-impaired subjects which yields a specificity of 90%.
The average number of tests impaired on the criterion battery was 3.0 ± 1.4 and
1.4 ± 1.1 on the BECIMS for MS subjects. Mean number of tests impaired for normal
controls was 1.5 ± 2.0 on the criterion battery and 0.63 ± 0.74 on the BECIMS. Due to
the small sample sizes and the significant difference in age (t (15) = -2.8, p < .05)
between MS and control groups, significance tests comparing performance on the
criterion battery were not performed.

14

Discussion
The results of this preliminary investigation are equivocal as to whether a brief
test, of less than 15 minutes, that requires no special equipment can be devised to exhibit
adequate sensitivity and specificity in identifying cognitively impaired MS patients. The
instrument correctly identified four of the seven subjects who were impaired, yielding a
moderate sensitivity of 58%. However, if one looks only at the prediction rates in the MS
sample the sensitivity increases to 67% and the specificity to 100% (Table 4).
Rao et al. (1991) found that if impairment was defined as being impaired on two
of the three tests in a screening battery (Consistent long-term retrieval (CLTR) of the
SRT, 7/24, & the COWAT) their sensitivity was only 48% and specificity was 90%. The
BECIMS, using three tests of shorter duration, had better sensitivity albeit in a smaller
sample. Of the five tests that comprised Beatty et al.’s (1995) battery, impairment on
only one test (below the 5th percentile) was used to predict impairment on a global
battery. If a subject was below the 5th percentile on any one of the 11 tests of the criterion
battery, the subject was defined as impaired. Using these criteria Beatty observed a
sensitivity of 86% and a specificity of 90%. Finally, Basso et al. (1996) developed a
highly sensitive test with 100% sensitivity and 80% specificity. While it is difficult to
make direct comparisons of sensitivity and specificity rates between tests due to the
different criteria used to define impairment, it seems clear that Basso has developed the
most sensitive test thus far. However, the length of his exam, 35 to 50 minutes, makes it
highly unlikely that it would be used in any clinical settings. It is probable that any
instrument that will be used in a consistent manner by treating neurologists will have to
be much shorter in length.
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The BECIMS exhibits prediction rates commensurate with that of other screening
instruments. However, the sensitivity of the test can probably be improved. The high
specificity of the BECIMS suggests that the cut-off scores for the COWAT and SDMT
could be raised in order to increase sensitivity. Interestingly, a closer look at the data
revealed that if the SDMT had been used alone as a screening instrument, with a cut-off
score of 50, the cognitive status of all but one subject would have been correctly
predicted (see Table 5). The SDMT alone yielded a sensitivity of 86% and a specificity
of 100%. Future study should examine to see if these sensitivity and specificity rates are
maintained in larger samples.
Of the four subjects in which the BECIMS misidentified impairment status, two
had MS and two were normal controls. Both MS subjects were impaired on the criterion
battery but were not impaired on the BECIMS. On the criterion battery both of these
subjects were impaired on CLTR of the SRT and on the auditory consonant trigrams test,
suggesting that memory is an area of substantial impairment. One of the two MS subjects
was impaired on the NCSE memory test which suggests that the NCSE was accurately
assessing memory status in this subject. However, the NCSE failed to pick up the
memory impairment in one of the misidentified MS subjects and also predicted a control
to be impaired who was not impaired on the criterion battery. This haphazard prediction
suggests that the four word memory test of the NCSE is not accurately assessing memory
function when it’s used in the BECIMS. The lack of a significant correlation between the
NCSE and any of the memory tests on the criterion battery further suggests that the
NCSE is not correctly predicting the status of memory functions. A change in the
memory subtest would be warranted for future incarnations of the BECIMS.
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While the NCSE does not appear to be accurately assessing memory status, the
symbol digit modalities test correlated significantly with total recall and CLTR of the
SRT and both 18 and 36 second delay intervals on the auditory consonant trigrams test.
These correlations are in line with other results which indicate that the SDMT does an
adequate job of screening for impairment by itself. Furthermore, that the SDMT
correlates significantly with both the color-word trial of the Stroop Test and the slowest
trial of the PASAT, suggests that the SDMT may be assessing both memory and
information processing capacities at the same time. This might explain why the test is so
effective at detecting cognitive dysfunction.
Because the MS and control samples are not matched for education levels or sex,
caution must be used in making any comparisons between the groups. However, because
the BECIMS predicted only one control subject as being impaired, one might suggest that
the test is sensitive primarily to impairment accompanied by a disease process. Further
investigation of the test on normal controls of both genders, who are appropriately
matched to patients, needs to be performed.
While other authors (Basso et al. 1996; Beatty et ah, 1995; and Rao, 1991) have
all developed their own screening instruments, none of these tests have found widespread
usage among neurologists due to the time necessary for administration (usually 20 to 50
minutes) as well as the need for special equipment (e.g. a tape-recorder for the PASAT).
While the brevity of the BECIMS might mitigate against high sensitivity in detecting all
forms of cognitive impairment, the test is much more likely to be used by treating
neurologists. Thus, practicality might reasonably be traded off with higher accuracy. The
brevity and lack of specialized equipment of the BECIMS makes it more likely that
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neurologists will use the test as part of their assessment of MS patients. If widespread
neurologist usage of cognitive screening instruments can be achieved by designing the
instruments with the time constraints of a doctor’s visit in mind, referrals to
neuropsychologists may increase. An increase in MS patients receiving a comprehensive
neuropsychological evaluation would be beneficial to the patients and to their caregivers.
The results of this pilot study suggest that, although the BECIMS will need to be
modified from its present form, further research will be worthwhile and will likely
succeed in developing a very brief screening instrument with adequate sensitivity and
specificity in identifying cognitive impairment in MS patients. Future research (Table 6)
should examine how efficient it is to use the SDMT alone as a screening instrument.
However, given the wide spectrum of cognitive deficits found in MS, it seems unlikely
that one short test alone would serve as an adequate screening instrument. A logical
evolution of the current form of the BECIMS would be to increase the memory subtest of
the NCSE, which has only four words and the maximum score is 12. The NCSE manual
calls for a delay interval between acquisition and retrieval on the memory subtest of at
least 10 minutes, while the BECIMS only allows for a 7-9 minute interval. This
reduction in the delay interval probably caused a ceiling effect to be observed as the mean
score in the MS sample was 8.7 ± 2.4. If the memory load of this test was increased to
seven words, for a total of 21 points, it might offset the reduction in sensitivity, likely
caused by a ceiling effect, due to the decrease in the delay interval between acquisition
and recall. Thus, a seven word memory test might exhibit greater sensitivity in detecting
patients with memory impairment over delay intervals of less than 10 minutes.
Furthermore, the use of higher cut-off scores derived from a matched control group
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Table 1
Demographic Information

MS

Control

9

8

Age

52.6(17.0)

32.3 (12.0)

Years of Education

14.0 (2.8)

15.6 (2.4)

Revised BDI

8.1 (5.5)

N

3.6 (3.1)

BDI
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Table 2
Results of Cognitive Testing

MS (n - 9)

Controls (n = 8)

SD

M

SD

(2.4)

8.8

(3.1)

39.6 (19.8)

61.5

(9.6)

Controlled Oral Word Association Test 34.7 (18.6)

37.0

(8.8)

Cognitive Test

M

BECIMS
NCSE Memory Test
Symbol Digit Modalities Test

8.7

Criterion Battery
WAIS-R Verbal Subtests
Verbal IQ

92.4 (15.0)

94.6

(7.7)

Information

10.2

(3.0)

10.0

(2.0)

Digit Span

9.1

(3.1)

10.4

(2.4)

Vocabulary

9.2

(2.6)

9.3

(1.7)

Arithmetic

9.8

(3.6)

9.5

(2.3)

Comprehension

8.2

(2.3)

8.1

(1.7)

Similarities

8.6

(2.3)

8.8

(1.6)

Stroop Word

80.0 (28.5)

94.5 (15.8)

Stroop Color

56.0 (19.7)

77.3

(7.8)

Stroop Color-Word

32.6 (11.9)

49.4

(8.1)

PASAT 2.4

28.9 (14.0) (N=8)

41.8 (14.1) (N=8)
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PASAT 2.0

32.5 (10.1) (N=6)

34.9

(9.4) (N=7)

PASAT 1.6

30.8

(7.0) (N=5)

31.2

(9.3) (N=6)

PASAT 1.2

15.6

(2.4) (N=5)

18.8

(6.2) (N=6)

Boston Naming Test

53.2

(8.6)

54.0

(3.2)

Logical Memory I

21.1

(5.0)

26.9

(8.5)

Logical Memory II

16.1

(6.3)

22.3 (10.2)

Visual Reproduction I

30.8

(5.9)

35.9

(4.5)

Visual Reproduction II

26.1

(8.4)

33.4

(5.9)

Wechsler Memory Scale-R

Selective Reminding Test (SRT)
Total Recall (144)

94.9 (20.1)

120.4 (12.3)

Long-term Storage

87.2 (25.6)

118.1 (13.9)

Consistent Long-term Recall

40.7 (29.9)

96.3 (29.9)

7.1

(3.6)

10.6

(1.7)

9 Second Delay

10.0

(3.0)

11.6

(2.3)

18 Second Delay

8.6

(3.0)

10.5

(3.3)

36 Second Delay

6.2

(3.0)

10.1

(3.7)

Delayed Recall
Auditory Consonant Trigrams
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Table 3
BECIMS Prediction Accuracy

BECIMS Impaired

Yes

No

Yes

4

3

No

1

9

Criterion Impaired

Note. X2 (1> N = 17) = 4.4, p < .05
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Table 4
BECIMS Prediction Accuracy by MS/No MS Condition

BECIMS Impaired

Yes

No

Yes

0

1

No

1

6

Yes

4

2

No

0

3

Has MS?
No

Yes

Criterion Impaired

Criterion Impaired

Note. Has MS: x2 (1, N = 9) = 3.6, e > -05; No MS: f (1, N = 8) = .16, e > -05
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Table 5
Prediction Accuracy Using a SDMT Cut-off Score of 50

SDMT Impaired

Yes

No

Yes

6

1

No

0

10

Criterion Impaired

Note. X2 (1> N = 17) = 13.2, p < .05
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Table 6
Suggestions for Further Study

Items to be Investigated

1.

Investigate prediction accuracy of SDMT alone as a screening instrument on a
larger sample size.

2.

Increase NCSE memory test to seven items, for a total of 21 points, to improve
sensitivity.

3.

Determine cut-off scores for the BECIMS based upon the performance of a large
matched control group.
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